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* Project aims

« Management need

* Decision support tools
» RESTORE beta version
» Waterway factsheets

» Riparian guidelines
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Optimising ecological gains to urban
waterways by prioritising the natural

Project aims:
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“Protection and restoration of urban freshwater
ecosystems: informing management and planning ”

Goals

= To develop tools that support regional decisions to
optimise the management and restoration of urban
waterways over a range of scales

= To create a platform that houses knowledge and makes it LN E
available to practitioners o, e ot s e

hitp:/iwww buffer forestry iastate edu/Assets/streambioeng. gif
3.7) Use cross-vane, w-weir or j-hook vane structures

General Advice: Structures like cross-vanes, w-weirs and [-hook structures can stabilise stream banks by
reducing near-bank shear stress, stream power and water velocity (Rosgen 2001). See Rosgen (2001) and
Miller and Kochel (2010) for detailed design guidelines. We recommend implementation of the root wad/iog
vane/ j-hook combo as a semi-natural approach to enhance bank stabilisation.
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Plan view of a cross-vane. Taken from Plan view of a w-weir. Taken from Rosgen (2001)
Rosgen (2001)



The tools connect:
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Run the RESTORE TOOL to
prioritise ecosystem components
for repair

N
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Use the FACTSHEETS to
identify strategies and actions at
the catchment and the site that

are most suitable

N
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If ‘Riparian’ is a priority
component use the RIPARIAN

GUIDELINES to prioritise
actions
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Implement actions, monitor and
evaluate success

N
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Background.:

Urban Stream Syndrome

Flashy scouring flows
Increased flow volume
High water temperature
High nutrient & pollutant levels
Eroded channel
Decline in retention of organic matter
Low biodiversity particularly sensitive
species

e Lisitveralty of Maryland
CENTER FOR EMNVIRONMENTAL SCIENCE

Integration & Application Network

Communicate better. Empower change.




Generic management: Tallored management:

« Stream restoration is typically generic * Position along the river continuum
 Regional setting
« Urban constraints and practices now and Into
the future

Lower Gardiners' Ck Melbourne
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Implementation,
Monitoring & Evaluation

- CRC for
Water Sensitive Cities

Management goal includes
‘holistic repair’

" Step 1. Use the RESTORE tool to )

for repair

| Step 2. Prioritise on-ground
actions [?]

Prioritisation

Step 3. Identify elemen

prioritise ecosystem components

is

within the priority ecological

components that you are t
fo repair

Step 7. Continue to
monitor and evaluate the
success of remedial
actions (evaluate success
at an appropriate time
scale)

Step 6. Implement
on-ground works In a
temporal hierarchy

rying

Step 5.

Run the RESTORE TO

prioritis
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Step 4. Select
indicators for the
elements, set short
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SMART targets
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Optimising ecological gains to urban
waterways by prioritising the natural
ecosystem components for repair
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The TOOL: = assists managers to prioritise their on-ground effort once a restoration site has been identified
"what type of restoration efforts are likely to deliver us the best ecological return for this site/reach?”

= assumes that stakeholders have agreed that ecological integrity is an aspirational goal for the site
= has been designed for flowing freshwaters

= has been designed for an urban and peri-urban context

= facilitates dialogue among stakeholders about the focus of on-ground actions

= creates a transparent platform to document why decisions were made

= |s a repository of scientific evidence to broaden knowledge and build institutional capacity

= s simply that - a tool (assumptions, limitations)

= should be particularly helpful in data-limited situations and can identify knowledge gaps for future research
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Prioritisation:

The tool prioritises the 9 ecosystem
components using three criteria:

= |mportance to natural ecosystem function
= Stress due to urbanisation / land use change
= Potential for recovery

Management effort will yield the largest ecological
return when it targets ecosystem components that:
(i) exert significant influence on the ecosystem
function of the site, (ii) are highly altered, and (iii)
have a good capacity for recovery
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There are 126 questions in 4 tabs
Fill in blue cells

CATCHMENT URBAN @

'SITEfREACH URBAN CO

Question Type

| Question Type Qu# Q

Urban Development
Urban Development
Urban Development |Urban Infrastructure 17 |Is

Urban Development | Urban Infrastructure 18 Arn

s L R

Urban Development |Urban Infrastructure 19 Is

|Urban Infrastructure 20 An
Urban Infrastructure Urban Infrastructure 21 s
:Urhan Infrastructure 22 If
|Urban Infrastructure 23 W

| Urban Infrastructure 24 | An

Urban Infrastructure
Urban Infrastructure
Urban Infrastructure
Urban Infrastructure |Urban Infrastructure 25 s
Urban Infrastructure |
Urban Infrastructure |Riparian Buffer 26 Ci
|Riparian Buffer 27 Lo
|Riparian Buffer 28 s

|Riparian Buffer 29  Af

Urban Practices

Urban Practices

Urban Practices |
|Physical Alteration 30 Hi

|Physical Alteration 31 D

Urban Practices

CATCHMENT ENVIRONMENTALC

Question
Type
Climate
Climate
Climate
Climate
Climate

Soils
Soils
Soils
Soils
Soils
Soils
Soils
Soils
Soils

Vegetation
Vegetation

Riverine
Riverine
Riverine

Qu # Question

32
33
34
35
36

37
38
39
40
41
42
a3
44
45

46
47

48
49
50

Does the catchment/re
What is the natural inf
Generally, how frequer
Is climate change pred
Are the biota of manag

Currently, is the restor
How sloped is the upst
How permeable are ca
Maturally, did the upst
Currently, does the res
Currently, does the site
Currently, has sedimer
Prior to urbanisation,

Is there an agricultura

Maturally, what type oi
On balance, have non-

How large is the upstre
What is the drainage ©
Currently, where does

2-3hrs for 4 case studies (40min each)
Questions grouped
Useful resources (GIS layers) and staff
Document decisions

Question Type

Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer
Riparian Buffer

Instream Habitat
Instream Habitat
Instream Habitat
Instream Habitat

Flow
Flow
Flow
Flow

Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality
Water Quality

Qu #

73
74
75
7B
77
78
79
80
81
82
83
84

85
86
a7
88

89
90
a1
92

93
94
a5
96
a7
98
99
100

SITE/REACH ENVIRONMENTAL CONDITIONS

Question Ecological

component affected

Maturally, what was the riparic Geomorpholc Importance, Geomorpholog Grass or lit Sparsely fo Densely fo Unknown =1
Importance Riparian [Impor High slope Moderate s Little slope Unknown =1
Maturally, did groundwater flo Riparian, Wa Importance, Riparian
Riparian [5tres= Riparian ve Riparian ve Riparian v Unknown =1
Bank-side r Significant Intermediz Unknown =1
Riparian [5tres= Riparian ve Riparian ve Riparian v Unknown =1

Maturally, did the riparian zoni Riparian
Prior to urbanisation, was the Riparian Stress
Looking at the restoration site 1 Riparian, Wa Stress
Looking at the site/reach today Riparian
What is the restoration site's p Riparian

Stress

Currently, do you think the ripz Water Qualit Stress
Currently, would there be muck Water Qualit Stress
Currently, is the restoration sit Water Qualit Stress

Criteria

Explanation

and Evidence Answer 1 Answer 2 nAnswer

Riparian

Potential Re Riparian [Poten Close to int Far from in Intermediz Unknown

Water Quality: 1 Expect ripa Expect ripa Intermediz Unknown
Water Quality: 1 Riparian sc Riparian sc Intermediz Unknown
Water Quality: 1High strean Low stream Intermediz Unknown

Currently, is the riparian zone | Water Qualit Potential Re Water Quality: 1 Riparian zc Riparian za Unknown = 1

Currently, what is the dominan Riparian
Has there been much removal ¢ Riparian Stress
Currently, what is the load (or i Hydrology, Gi Stress
Is habitat degradation ongoing Biota
Will the habitat required for th Biota

Importance Riparian

Clay soils = Intermedial Sandy soil. Unknown

Riparian [5tress De-snaggin Partial de-= No de-snag Unknown
Hydrology [Stre: High loads Intermedial Little to no Unknown

Potential Re Biota [Potential Habitat deg Habitat deg Intermediz Unknown
Potential Re Biota [Potential Habitat req Habitat req Unknown =1

Currently, does the restoration Water Qualit Stress, Poter Water Quality: 1 Protracted Perennial fl Perennial { Unknown

Do low flows at the restoration Water Qualit Stress
Does the site/reach receive gro Vertical Conr Stress

Maturally, would stream water Vertical Conr Importance Vertical

Water Quality: 1 Low flows ¢ Constant hi Intermediz Unknown
Vertical Connec Site fed by Site fed by The site n: Unknown
Well-devel Moderately Poorly-dev Unknown

Maturally, how cold would the ' Water Qualit Importance Water Quality: Cold water Intermedial Warm wat Unknown

Maturally, did the restoration s Water Qualit Importance, Water Quality: Naturally h Normal sal Unknown =1
Maturally, would the water be v Water Qualit Importance Water Quality: |Highly aerz Normal oxygen (DO 4 t Unknown

Maturally, was the water tannir Water Qualit Importance Water Quality: Naturally I Relatively r Intermediz Unknown =1
Maturally, was the water turbic Water Qualit Importance Water Quality: |Highly turb Intermedial Clear wate Unknown =1
Currently, is groundwater at th: Vertical Conr Potential Re Vertical Connec Groundwat Groundwat Groundwa Unknown =1
Biota [Stress]. HHigh levels Moderate li Low levels Unknown = NB.
Do most of the chemical pollut Water Qualit Potential Re Water Quality: |Chemicals Chemical pollutants largely arise from diffuse-sources

Currently, are there high levels Water Qualit Stress

Answer 4

Dropdown Dropdown Dropdow Dropdown

Groundwat Groundwat Groundwa Unknown =1

=

=1

RESTORE SCOFR

Case Case
study 1 study 2
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nying

Case
study :
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Output;

CASE STUDY 1 Lower Gardiner's Ck
Ecological Component Importance Stress Potential Prioritisation
Recovery Score
Hydrology 2 1.47 1 2.9
Geomorphology 1 1.61 0.33 0.5
Connectivity: longitudinal 1 1.67 0.83 1.4
Connectivity: lateral 1.66 1.55 0.5 1.3
Connectivity: vertical 0.67 1.1 0.86 0.6
Riparian 0.714 1.85 0.67 0.9
Water Quality: physico-chemical 0.6 1.125 0.67 0.5
Water Quality: nutrients 1.33 1.47 0.875 1.7
Biota 0.6667 1.54 1 1.0
: . 1
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Question: There are 4 urban stream sites across Melbourne that have been identified

Example:

as important for rehabilitation. Each site has different environmental and urban

characteristics. Which ecosystem components should be the priority of on-ground
activity at the different sites?

Lower Gardiners' Ck Melbourne
(heavily urban, lowland, mid size)
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Mid Monbulk Ck Melbourne

(low density urban, upland, mid-low size)

3.0
2.5
L 20
3]
A
é.. 15
2 10
o
N I I I
0.0 . I
A\ N N N o N ) 2>
o & & & & e 6.‘\@ & ey
F & & & & & & &
[e) ., (o ) N N
& o & .
¢ C ® < &
& IR
P R
&
Mid Monbulk Ck Hydrology
(Melbourne) <
Biota Geomorphology
Water Quality: Connectivity:
nutrients longitudinal
Water Quality:
phyg:o-lty Connectivity:
I |
chemical e

Connectivity:

Riparian
P vertical

e |Mportance e=@===Stress e=ge==Potential Recovery

wIne s § | ol
4th water sensitive cities conference

Lower Yarra, Melbourne
(lowland river, moderately urban catchment)
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Lower Kororoit Ck, Melbourne

(Mid-sized lowland creek, low rainfall, moderately
urban/industrial catchment)
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The OUTPUT from the TOOL will have revealed which ecological components are a priority for
repair. You now need to decide what on-ground actions to implement to fix the priority ecological
components, and you need to monitor to learn if your efforts have been successful or not.

Which on-ground actions should you implement?

Can you work in the catchment or just at the site?
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———— "--' — -—'--——

Water Sensitive Cities 4th water sensitive cities conference watersensitivecities.org.au

@ 044




Conceptual diagrams created by J Middleton
Ooid scientific https://ooidscientific.com/

Urban waterway factsheets:

Reducing nutrients: what to do at the site Reducing nutrients:
what to do in the catchment
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https://ooidscientific.com/

Repairing geomorphology: | .
what to do at the site and in the catchment "
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Urban waterway
factsheets:

Strategy 1. Reduce flow volume and velocity

harvest, infiltrate,
{ detain & disconnect
stcrm yvater

-

B L el L AN St U S S Rt B PR SR . NS

Strategy 2. Reduce fine & promote coarse
sediment

SRS OTPRRSITY T 1 LR NRRGNCETT T QRN NN NN ‘

Strategy 3. Allow the channel to self-adjust
TR CRSTHATY T A R i ST - TR YN N n T

Strategy 4. Mitigate erosion caused by
infrastructure

Each factsheet provides

Strategy 5. Stabilise the bank

== allow the channel
to self-adjust or

Strategy 6. Increase geomorphic complexity increase sinuosity

= Strategies
= Actions
= |nformation | ) : e
= Guidelines e T e

pool-riffle
sequence

Strategy 7. Restore connection to floodplain

Strategy 6. Increase geomorphic complexity

Suitability of strategy: where the waterway is straight and has little to no geomorphic complexity (e.g. channelised drain,
incised creekline with little habitat complexity), and where some attempt to repair scouring urban flows has been made -
either via WSUD in the catchment or the presence of a flow-regulating structure upstream. If scouring flows have not been
repaired, any instream improvements are unlikely to last for long.

Approach:

o
i

Some strategies will be more suitable than others given

Action

Explanation

Conditions where action is most likely to be
suitable andeffective

Other
references

recommending
action

Guidelines for
implementation

urban ConStra’n ts o read thro ugh the Stra teg’es and Cross 6a. Recreate Channel Where earth moving machinery can access [15, 40] [15-18] See also
y = channel reconfiguration is the site and where the riparian buffer is wide RVR Meander

On eS Off that al’en t appl’Opl’la te sinuosity often used to undo enough for sinuosity to be created. tool
the damage caused
by man-made
channel straightening

Some actions will be more suitable than others given your (ehianeies e

= = y . 6b. Create pool- Pool-riffle sequences Suitable in gravel-bed streams. Unsuitable River [41] and river

Sett’ng. CI’OSS Of the aCtlonS that al’en t appl’Opl’la te. riffle sequence are natural recurring for sand-bed streams, unless the sand is restoration restoration
geomorphic units in underlain by gravel. Where earthmoving manuals manuals
meandering gravel-bed | machinery can access the site and where rapid
streams. restoration is required.

ShOl't I’St Of aCthnS. Dec,de Wlth team members WhICh Ones 6c. Add logs (LWD) Logs alter the flow of Where the channel is narrow (< 10 m). Where [17,19, 31, 33, [17,19, 28, 29, 31,

. . . - . or boulder water in the channel, earthmoving machinery can access the 42-44] 32,45, 46]

you will implement. Use factsheets to find guidelines for clusters creating patches of | site. Where scouring urban flows have been

; B erosion (scour) and repaired such that LWD inputs will not be
deposition which lost. If concerns exist about the risk to urban

’mp Iem en ta tlon' promote the formation infrastructure, we recommend using the Large

- e of pools and bars. Wood Structure Stability Analysis Tool <http://
C R C fG r www.fs.fed.us/ biology/nsaec/products-tools.
- e e html> [28]. The associated resource [29]
w;gtel' SenSItlve C|t|es e S - describes the process and may also be useful.
- _— e T - 6d. Add gravel to Many urban waterways At high value locations where the channel [3,10] Gravel can
ST the channel are starved of coarse is starved of course-arained sediment - | be addedin
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Repairing flow: what to do at the site

use engineered
structures

reconfigure
channel to

[\ Image:Water &y Design 2014 , — x N promote sinuosity

S
@ '-. e < 7% : % Q
. i repair
= ! ' S s | riparian : g ‘ §
) Q . s
Image:

&

¢

-‘~
b
*
.
t

LY .'._.\_..’

ondin,
F’{ A
ﬂ

X

L

plant | wetlands / ponds ‘vegetation

deep-rooted S i e M e i1 improve
trees _ river-floodplain
/ ~ connectivity

modined rom Vietz et al 2016

<

add
LWD
K

---.......!...............-

.--..-.‘ - -.-------.--. 3 :

CRCfor
Water Sensitive Cities

* only where urbanisation has caused the water table to fal




Repairing geomophology: what to do at the site and in the catchment
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Strategy 1. Reduce flow volume and velocity
Strategy 2. Reduce fine & promote coarse sediment
Strategy 3. Allow the channel to self-adjust

Strategy 4. Mitigate erosion caused by infrastructure
Strategy 5. Stabilise the bank

Strategy 6. Increase geomorphic complexity

Strategy 7. Restore connection to floodplain



Repairing longitudinal connectivity: what to do at the site and in the catchment
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Repairing lateral connectivity: what to do at the site and in the catchment
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Repairing vertical connectivity: what to do at the site and in the catchment
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Repairing riparian function:
what to do at the site

— Improve nutrient filtration
Strategy 3. g sediment trapping

Strategy 4. Improve trophic subsidies

Strategy 5. Improve aquatic habitat
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Reducing nutrients: what to do in the catchment O\l
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Reducing nutrients: what to do at the site

increase oxygen
naturally or arfificially

Strategy 1. Increase nutrient uptake in the riparian zone
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epairing water quality: what to do in the catchment
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Repairing water quality: what to do at the site
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epairing biota: what to do in the catchmen

R R R . o L e N R R o S B L TR o R AN TR TR
. '.l-'" - ) "
b d‘v(: .
A& catchment wide
%4 survey of biota

protect

: remnant
. bushland

,, longitudinal
connectivity

f TR

‘use barri.ers to
limit the dispersal
of invasives

o

.5n e .-;cf T' ”'fqifiga?§?  “;'iﬁ”?iff ﬁ o4 S create / protect
by protect high & o BN SN e R T ., instream refuges
W quality wetlands K iSRS AE PRGLige I e :

» - 4 -v5J - > > -3 - . % -\ . ™ . . 4

Peter Robertson

intensive . e ‘ R Sl Legend

: remova-l ol : R o | - e = 8 B W et e, Sampling site O
i non-natives A At o = W o |




Repairing biota: what to do at the site
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e Affects riparian uptake & trapping of nutrients & sediment
e Affects movement & dispersal of e Affects capacity to support riparian plants
semi-aquatic & terrestrial fauna e Affects habitat for wildlife (turtles, bats, insects, frogs)
e |nfluences water temperature e Affects 5U|tﬁb|“t’y’ as a wildlife corridor
maximum & daily fluctuations e Affects room for channel adﬂ'ustment
e Affects capacity to absorb flood flows

-_—

buffer corridor buffer e Traps sediment and uptakes nutrients
continuity e Affects timing & quality of leaf litter inputs to stream
buff e Supports invertebrates that provide trophic subsidies
aer to the instream food web

vegetation e Habitat for wildlife (turtles, bats, insects, frogs)

e Affects suitability as a wildlife corridor
e Slows flood flows

e Regulates water temperature
maximum & fluctuations
stream-side e Regulates light levels which control growth
vegetation of algae & plants instream
e Affects timing & quality of leaf litter inputs
that support the instream food web
e Affects dissolved organic carbon instream
that affects microbial nutrient transformation
o Affects bank stability
‘ == o Affects instream habitat Fverhangmg
. =
wetlands &

branches, roots,leaves, large wood)

organic =~ & . depressions
matter \“.

depth to _ D : — 1 — = ‘ f
groundwater e=en g [ENIEOR ", L . K
] e r

r "
“ 4
r""r.
y
e
o
&,
-

I
|

large woody
debris

8 Aied iy el S e Affects processing of nutrients in
processing of nutrients (denitrification) subsurface flows (denitrification)

¢ Shapes vegetation community =~ e Provides food & habitat for |
{particularly deep-footed vegetation) wildlife (invertebrates) e Structural habitat for aquatic biota (fish, invertebrates)

= Eﬁ“ﬁ;igeam base flow & water e Creates areas of low flow that retain leaf litter &

P Emmote hitrogen processing
e Absorbs flood flows e Protects banks from erosion
e Provides habitat for wildlife e Creates pools & promotes downwelling of water
e Provides habitat for riparian plants into hyporheic zone




Riparian processes and their importance to waterway health:

Processes that support the instream environment Processes that support the terrestrial environment
1. Light and temp regulation 8. Riparian vegetation

2. Nutrient processing and sediment trapping 9. Terrestrial habitat

3. Bank stabilization 10. Terrestrial corridor

4. Flood attenuation
5. Channel adjustment
6. Trophic subsidies

/. Aquatic habitat

CRC for
er Sensitive Cities

—————
e
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Importance to Natural Stream Function

Riparian High (score 2) Moderate (score 1) Low (score 0)
Process
1. Light & Forested vegetation; narrow channel | Shrub or sparse vegetation e.g Geraldfon | Grass/herb vegetation e.g.
temperature width (< 10 m); E-W onentated. e.g. OR narrow channel width (<10 m) with a westemn parts of Melbourne OR
regulation northern and eastern Meiboume, N-S orientated OR intermediate channel wide channel width (>30 m) OR
Perth width with a E-W onentation (10-30 m) considerable upwelling of
groundwater
2. Nutrient Moderate clay content, rich in Fe & Enﬁshavelimnlaymﬂuimduning Sandy soils low in Fe and Al and
filtration & Al with good soil permeability; dense | permeability, or are very sandy; vegetation | very flat (<2°) e.g. parts of Perth;
sediment complex vegetation; gentle slope (2- mdm&mnpiex&ﬂnpemmnﬂnmm OR steeply sloped (>25°).
trapping 15°); shallow water table (< 4m (15-25%). Water table is deep (> 4m below | Sparse vegetation; water table
below ground during wet season) ground during wet season). e.g. parts of is deep (>4 m below ground
e.g. parts of Melbourne Meibourne during wet season) e.g. parts of
south-eastern Queensiand
3. Bank Soils are highly erodible (e.g. sand); Soils are moderately erodible (e.g. gravel, | Soils have low erodibility (e.qg.
stabilization site s exposed to moderate stream clay); site is exposed to high stream power | boulder, bedrock) OR site is
power; channel < 30 m wide & bank e.g. parts of Meibourne, Perth hills OR exposed to low stream power
< 1 m deep; deep and shallow-rooted | channel 30-50 m wide & bank 1-2 m deep; | OR channel > 50m wide & bank
vegetation. e.g. parts of Perth, deep-rooted vegetation only >Z2 m deep; shallow-rooted
Adelaide and south-westemn vegetation only
Melbourne
4. Flood Upstream catchment is long & thinin | Upsiream catchment has high drainage Upstream catchment has a low
attenuation shape; high drainage density, witha | density BUT floodplains upstream are drainage density & high gradient
short, steep headwater section & steep & namow OR upstream catchment floodplain section — i.e. poorly
then a long low-gradient section. has low drainage density AND floodplains | developed floodplain with no
Floodplain contains numerous upstream are fiat & wide wetlands or ponds
wetlands or ponds
5. Channel Highly erosive bank soils (e.g. sand, Moderately erosive bank soils (e.g. clay, Bedrock channels (i.e. litile o no
adjustment gravel) e.g. parts of Perth, Adelaide cobble) e.g parts of Melbourne erosion)
and south-western Melbourne
6. Trophic Low light to channel; ciosed riparian Moderate light to channel, moderate High light to channel; open
subsidies canopy; low nutrients (e.g. narrow nutrients OR infrequent inundation of riparian canopy; moderate
forested stream) OR regular productive floodplain habitat nutrients OR no regular
inundation of productive floodplain inundation of floodplain habitats
habitat (e.g. lowiand river)
7. Aguatic Marrow channel (< 10m); treed Intermediate channel width (10-30 m); Wide channel (> 30 m); grass
habitat vegetation; low flows OR lowland shrub vegetation; moderate flow OR vegetation; high flows OR
sites with well-developed floodplain lowland site with moderately developed lowland sites with poorly
floodplain developed floodplain
8. Riparian Semi-arid, arid or dryland climate; Mediterranean or mesic cimates; Tropical environment OR
vegetation vegetation includes trees, shrubs & vegetation includes trees, shrubs & grasslands e.g. parts of north-
groundcover e g. Geraldion groundcover e.g. Perth east Melbourmne & Queensiand
9. Terrestrial Semi-arid, arid or dryland climates Mediterranean or mesic climates Tropical environmenis
habitat
10. Terrestrial | Semi-arid, arid or dryland climates Mediterranean or mesic climates Tropical environments

corridor

watersensitivecities.org.au



Stress due to urbanisation:

e Reduce the ability of riparian land to act as a
corridor for wildlife movement

e Reflective roads & street lights can aftract insects
away from the waterway, reducing terrestrial subsidies
to the food web & rpuiucmq insect survival

e Artificial light & noise from roads reduce the
suitability of riparian land as habitat for bats & birds.

If ight reaches the stream it can disrupt fish behaviour

e Reduce infiltration causing the water table
to fall & a decline in the health of water-lovi fing
riparian plants (e.g. melaleucas)

e |ncrease the temperature of runoff,
undermining the ability of riparian vegetation to
shade & cool the stream

impervious
surfaces

e Efficiently transport runoff from impervious surfaces in the catchment to the
waterway, increasing flow volume causing channel widening which reduces
the capacity of ripairian vegetation to shade the stream_Flashy, scouring

Deciduous trees & their leaves

e Deliver an unnatural pulse of energy (carbon) into the stream that can support
algal blooms & exacerbate water quality (e.g. oxygen) problems

e Are broken down more rapidly than eucalpyts & affect energy dynamics
Weeds

e Outcompete native plants & reduce the diversity of native plants

e Can choke channels (e g. exolic grasses)

e Can negatively affect aquatic & terrestrial insects (e.g. willows, camphor laurels)

Large lowland rivers

e Causes the loss of floodplain habitat, reducing the
ability of niparian land to dampen flood peaks, subsidise

’th food web | |-|'3]J1ru ductive wetlands) & provide

important habitat for plants & animals

deciduous trees

Small to medium streams - buffer reduced to 30m wide
& weeds

e Riparian land may not be sufficient to support riparian
vegetation, provide habitat to animals or act as a wildlife
corridor

Small streams - buffer reduced to 5-10m wide
e \/egetation can no longer shade & cool the stream
s Leaf litter subsidies to the food web are impacted

narrowing

Weeas

channelisation, canalisation
bank stabilisation & levees

stormwater
pipes

Channelisation

e Reduces ability of vegetation o shade & cool the waterway &
provide leaf litter inputs

e Causes habitat simplification which reduces suitability for biota
& reduces the sites’ capacity to retain leaf litter

urban flows also wash leaf litter downstream reducing the Jtl“hﬂ‘ of riparian

vegetation to support the food web

e Directly deliver flow into the waterway leading to local bed & bank erosion
stabilise the channel

e Bypass riparian soils & vegetation preventing nutrient & sediment filtration
e In most areas, stormwater pipes lead to a fall in the height of the water table
which impacts the ability of riparian soils to remove nitrogen

e In some areas, soakwells increase infiltration & the height of the water table
which can impact riparian vegetation & overwhelm its ability to filter nutrients

undermining the ability o fﬂp'armﬂ u:~qn~’r'1t||:}n to

Canalisation

e Prevents the channel from naturally adjusting to flow

e Limits water moving into the bank & being filtered for nutrients
e Prevents the growth of macrophytes & makes it difficult for
semi-aquatic biota to leave the waterway

L evees
¢ Disconnect the waterway from floodplain, affecting water &
nutrient transfers & the diversity of plant & animals

In the streamside zone

e Reduces the ability of nparian vegetation

to shade & cool the waterway, promoting algal
qrw' th in the nutrient-rich .mtqu

e Compromises the ability of nparian vegetation
to stabilise the stream bank

¢ Reduces natural inputs of large woody debris
e Reduces leaf litter & invertebrate mpu’rh Into
the waterway shifting the foodweb from leaf-litter
driven to algal driven

Beyond the streamside zone

. Impar the ability of nparnan vegetation to
filter nutrients, slow flood waters, provide
trophic subsidies, support riparian vegetation,
act as habitat & corridor for wildlife

thinned & cleared
vegetation

nutrient use in
the catchment

CIE
large woody debris

o Reduces the ability of the waterway to
retain leaf litter, undermining the abilty of
riparian vegetation to support the foo d web
® Reduces the ability of riparian land to
provide habitat for stream animals

o Reduces the ability of riparian land to

stabilise the channel

e Cause the rapid breakdown of leaf litter
instream, compromising the ability of riparian
vegetation fo support the food web

e Promotes the establishment of weeds

cities.org.au



Similar to DWER
riparian veg theme

Score
RARC Indicator Riparian Process
1. Light & temp 2. Nutrient 3. Bank 4. Flood 3. Channel 6. Trophic 7. Aguatic 8. Riparian 9. Terrestnal 10.
regulation (LT) filtration & stabilizatio attenuation adjustment subsidies habitat vegetation habitat Terrestrial
sediment n (B3) (FA) (CA) (T3) (AH) (RV) (TH)
trapping (NS)
Habitat Longiiudinal connectivity 0-4 -4
Width of riparian vegetation 0-4 0-4 0-4 0-4
ie. buffer width) S 0-4 -4 s
Proximity to nearest patch of 0.3
intact native vegeiation
Cover Canopy in sireamside zone
(trees >5m tall within 5m of 0-3 0-3 0-3
bank)
Canopy (>5m tall) 0-3 0-3 0-3
Understoray (1-5m tall) 0-3 0-3 0-3 0-3
Ground (<1m tall) 0-3 0-3 0-3 0-3
Mumber of layers 0-3
Natives Canopy (= 5m tall) 0-3 0-3 0-3
Understorey {1-5m tall) 0-3 0-3 0-3
Ground (<1m tall) 0-3 0-3 0-3
Debris Leaf litter 0-3 0-3 0-3
Mative leaf litter 0-3 0-3
Standing dead trees (> 20 cm 0.1
dih)
Hollow-bearing trees 0-1
Fallen logs (=10 cm 0-2 0-2
diameter)
Features MNative canopy species 0-2
reqgeneration (< 1m tall)
Mative understorey 0-2 0.2
regeneration
Large native tussock grasses 0-2 0-2
Reeds 0-2 0-2 0-2
Floodplain wetlands &
topography 0-4 0-4 0-4 0-4 0-4
Others  Channelisation & hardlining 0-3 0-3 0-3
Bank condition 0-2 0-2 0-2
Channel incision 0-2 0-2
Levees present 0-1 0-1
old Maximum possible score 11 20 14 24 7 29 15 24 42 11

i
wa1 Sft":-' sCcore 1.55] ELT':-EJ:I.'E'E ENEE-E'-EII'E'E EEEEJZETE'E ZFAEEI:-'E'E EEAEJ:E"EE EI-_SEE-EFE B E-AHEE-:II'EE EH\JE-':J!'E'E- ZrHEE-'!F-E'E ETC‘E-EEFEE

Summary siress score 2-(LTs= /5.5) 2-(NSs= /10) 2-BS:=/7) 2-(FA=/12) 2-(CA=/3.5) 2-(TS5=/12.5) 24{AH:/7.5) 2-(RV:/12) 24{TH=/21) 24{TC:/5.5)

@ 044




Potential for

recovery

CRC for

¥ Water Ser

Potential for Recovery

Riparian High (score 2) Moderate (score 1) Low (score 0)
Process
1. Light & >10m of land is available bordering Intermediate buffer width available (3- Little land available bordering
temperature the stream (i.e., buffer width); 10m) Or intermediate vegetation of stream (< 3 m); riparian land on
regulation riparian land on upstream 1km reach upstream reach OR the sunny-side of upstream 1km reach has little
has good vegetative cover (i.e., stream needed for amenity (i.e. not vegetation and limited
shading); no wastewater treatment available for revegetation). revegetation potential, wastewater
plant upstream discharging warm treatment plant upstream of site
water. discharging warm water.
2. Nutrient Stormwater is, or will be, delivered Stormwater piped to channel & riparian Stormwater directly piped into
filtration overland to riparian zone. Riparian buffer is wide with a flat or gentie slope stream channel — little overiand
& sediment land is moderately sloped (5-30°) (<15%) OR Stormwater is, or will be, flow at site. Land is steep (>30°) or
trapping and buffer > 30m wide. delivered overland & riparian land is narrow (<10m wide).
either very narrow (<10m wide) or wide
(> 30m) width.
3. Bank Scouring urban flows have been Widely distributed stormwater infiltration Scouring urban flows associated
stabilization repaired by catchment WSUD or the | across catchment or not far downstream with direct connection of
site is immediately downstream of of flow regulating structure. stormwater throughout the
flow regulating structure (e.g., weir, catchment
detention basin).
4. Flood Riparian land is relatively flat (<15°) | Ripanan land is moderately sloped (15- Riparnan land is steep (>30°) OR
attenuation & buffer is wide (> 100m). 30°) OR wide (10-100m). narrow (<10m wide).
5. Channel A buffer of >10 times bankfull A buffer of 3-10 times bankfull distance | Little land bordering stream. Buffer
adjustment distance available on either side of available on either side of stream is < 3 times bankfull distance.
stream
6. Trophic Scouring urban flows have been Widely distributed stormwater infiltration Scouring urban flows associated
subsidies largely repaired by catchment across catchment has partially repaired with direct connection of
WSUD or site i urban fiow velocity Or site not far stormwater in catchment; riparian
downstream of flow regulating downstream of flow regulating structure. buffer <5m wide.
structure (e.g., weir, detention Riparian buffer 5-20m width.
basin); riparian buffer >20m wide.
7. Aquatic Regulating structure (e.g., weir, Widely distributed stormwater infiltration Scouring urban flows still present
habitat detention basin) upstream reducing | across catchment or not far downstream due to conventional stormwater
flow at the site. Channel hard lining | of flow regulating structure. Intermediate | management. Channel hard lining
can be removed, adequate space for room and accessibility for channel cannot be removed, no space for
channel reshaping if necessary & reshaping & LWD addition. channel changes, no access to
there is vehicle access to site for site for LWD addition.
LWD addition.
8. Riparian Moderate amount of land available | Low amount of riparian land available for Little land available bordering
vegetation for revegetation (buffer width >30m). | revegetation (10-30m); legislation is or stream (< 10 m); no legisiation in
legislation in place to prevent isn't in place to prevent clearnng. place to prevent clearing of native
clearing of native vegetation in the vegetation in riparian buffer.
riparian buffer.
9. Terrestrial Buffer width > 50m OR site has high Buffer width 10-50m wide OR site has Buffer width < 10 m OR site has
habitat functional connectivity to a large moderate connectivity to remnant poor connectivity to remnant
remnant patch of vegetation — i.e. an vegetation patch - this could be a vegetation patch — e.g. numerous
unfragmented & well-vegetated connected corridor that has poor roads preventing animal
corridor exists to an adjoining large vegetation cover, or a fragmented movement, large distance to
habitat patch or a patch known to corridor that is close to a remnant patch remnant patch, small sized
contain high biodiversity. such that it will allow bird passage but remnant patch.
not terrestrial fauna.
10. Terrestrial Riparian revegetation will link the Riparian revegetation will link the site to will not link the site
| corridor site to a riparian corridor that joins a riparian corridor upstream or to a corridor (i.e. site is isolated or
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Step 1: determine which riparian processes are most important given
the local and regional setting

Step 2: estimate how stressed the riparian processes are (RARC)

Step 3. assess the potential recovery of the various ecological

Processes

Table 5. Determining prioritisation scores for the 10 riparian processes.

Riparian process

1. Light & temp regulation
2. Nutrient filtration & sediment
trapping

3. Bank stabilisation

4. Flood attenuation

5. Channel adjustment

6. Trophic subsidies

7. Aquatic habitat

8. Riparian vegetation

9. Terrestrial habitat

10. Terrestrial corridor

Natural importance Alteration or stress Potential for Prioritisation
to stream function (B) recovery (C) (output | score

(A) (output from (output from Table 2) from Table 3) (A*B*C)
Table 1)

P2

P3
P4
P5

P6
P7
P8

P10

high

Severity
of stress

‘.

high
Importance to
natural function

watersensitivecities.org.au



Riparian process

Action/strategy 1. Light & 2. Nutrient 3. Bank 4. Flood 5.Channel 6. Trophic 7. Aquatic 8. 9. 10. Terrestrial SCORE

temp. filtration & stabilization attenuation adjustment subsidies habitat Riparian Terrestrial corridor

control sediment vegetation habitat
trapping

Increase buffer width (1.2, 2.2, 4.5, 5.3,

6.3, 8.4,9.1,10.2) P1 P2 P4 P5 P6 P3 P9 P10 =sum
Protect native vegetation and revegetate

the buffer with natives (2.4, 4.4, 6.4, 8.2, P2 P4 P6 P8 P9 P10 =sum
9.2, 10.3)

grfé:]act from fire (1.4, 2.13, 6.9, 7.10, 8.9, P 55 P6 57 P8 P9 b
Promote hydrologic connectivity between

the waterway & riparian land by grading

the bank, lowering the floodplain, raising P2 P4 P6 P7 P8 P9 =sum
the channel or other means (2.7, 4.1, 6.6,

7.9.8.5, 9.3)

Re-establish native trees & other native

vegetation in the stream-side zone (1.1, P1 P3 P6 P7 =sum
3.3.68%.7.2)

Add large woody debris to the channel _
(3.5. 6.5, 7.1) P3 P6 P7 =sum
Reconnect the main channel with adjacent

floodplain wetlands by removing levees, _
regulators and unblocking creek channels i £ £ -
(2.8, 4.3, 6.7)

Create floodplain wetlands &

topographical depressions ‘riparian P4 P7 P9 =sum
sponge’ (4.2, 7.8, 9.4)

Line the stream bank with wet-dry tolerant _
plants (2.9, 3.4, 7.5) Fe P3 il i
Recreate channel sinuosity (5.2, 6.2, 7.4) F PG P7 =sum
Fence off riparian vegetation (8.3, 9.7) P8 P9 =sum
Remaove channel hard-lining (5.1, 7.3) PS5 P7 =sum
Remove levees & other floodplain barriers _

to flow (2.8, 4.6, 6.7) i o 2l
Raise or lower the water table below the p? P8 i

riparian zone (2.6, 8.6)
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DWER: Belinda Quinton, Tim Storer, Malcolm Robb

Manager assistance: Rhys Coleman (Melbourne Water Vic), Sally Boer (E2 Design Lab Qld), Geoff Fisher (WaterTech SA), Alan Benson
(Water NSW) and Glenn Browning (Healthy Land and Water QlId)

PhD Student: Jen Middleton undertaking research in Perth (other supervisors: Pauline Grierson, Neil Pettit)
« Distribution of nutrients in the water and sediment of urban and agricultural creeks importance of
catchment factors (imperviousness, land use change) importance of site vegetation

« Carbon fluxes in sandy urban streams. Is the carbon (DOM) from anthropogenic or natural (algae,
leaves) sources? Is the type of carbon driven by landuse? How bioavailable is this carbon?

* Role of microbes in the breakdown of native and non-native leaf litter in urban streams

Contact me if you trial RESTORE or use the factsheets

Questions about tools: leah.beesley@uwa.edu.au
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Water Sensitive Cities 4th water sensitive cities conference watersensitivecities.org.au
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Other collaboration with DWER: eflows Canning, Fitzroy River

Wiley Online Library ===~ Search

University of Western Australia Library

Ecology of

FRESHWATER FISH

ORIGINAL ARTICLE | @ Full Access

Flow-mediated movement of freshwater catfish, Tandanus
bostocki, in a regulated semi-urban river, to inform
environmental water releases

Leah Beesley @, Paul G. Close, Daniel C. Gwinn, Matthew Long, Michael Moroz, Wayne M. Koster,
Timothy Storer

First published: 12 February 2019 | https://doi.org/10.1111/eff.12466

Check UWA Holdings
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Abstract

Movement and migration of fish are critical for sustaining riverine fish populations. Water
resource development alters natural flow regimes and can disconnect habitats and
interfere with hydrological cues for fish movement. Environmental flow releases can
counter these impacts, but to be effective they must be based on quantitative flow-hiota
relationships. We used radio-telemetry to investigate the association between flow and
movement of Tandanus bostocki, a plotosid fish endemic to south-western Australia.
Movement was assessed for 15 adult fish at three temporal scales: weekly, daily and
bihourly to reveal seasonal patterns in movement, movement around individual flow
pulses, and to describe changes in home range respectively. We used a predictive
modelling approach to assess the importance of discharge and other covariates on the
directional distance travelled or linear home range size. Our seasonal and flow pulse
study revealed that T. bostocki undertook larger downstream movements during higher
flows and smaller upstream movements during lower flows. Daily movements tended to
be downstream on the ascending limb of flow pulses and upstream on the descending
limb. Flow-dependent movements at weekly or daily time scales were relatively modest
(typically hundreds of metres) and were moderated by time of year and gender; however,
fish underwent a synchronised 1-km movement upstream during the known
reproductive period in Octeber. The home range study revealed that T. bostocki had

Stylised
Discharge

Upstream
&

Relative
position
along the
river

Y

Downstream

d
] Freshwater Cobbler

(Tandanus bostocki)

f e
, - s B
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Night time foraging
home-range is
reduced during very
lowr flows

Fish move predominantly between dusk and dawn and have preferred ‘homes’ they rest at
along the river. Homes are locations of complex habitat (undercut banks, logs, emergent veg).

Foraging home-range
increases as water depth
and connectivity increases

Environmental Flow Provisions

* Increases water depth during low flows to
increase cobbler home range for foraging
and allow cobbler to retreat to permanent
pools

* Increase water depth during spring to
facilitate upstream spawning migration

* Maintain water quality (oxygen, temp)

Other Management Actions

* Remove or retrofit instream barriers
(consider impacts on non-native fishes)
* Protect or restore complex instream habitat

g
\ o
4
b) Apr May Jun Jul Aug Sep Oct MNov Dec Jan Feb Mar
Cobbler in the Canning River used a 6km reach of the river between !Jps..tream _n;_IGFETEHt may be fL[;Hher
April 2015 and mid January 2016 (very low flow year). Some fish travel Ibn FIvers without large man-mace
further than others. One fish travelled 3km in one week. arriers
We assume fish return
As a flow pulse recedes downstream during late
. , ) summer and early autumn
(falling flow limb), fish
flows [
move upstream towards e
et the location they were L s
using before. , WS

Fish move downstream
on a rising flow limb.
Downstream movement
is typically hundreds of
meters only, but
individual fish can move
over 1km downstream on
a flow pulse

Felh 3

Fish move 1 to 2km upstream during spring
high baseflow (October). Movement
coincides with the spawning period.

Consecutive flow pulses in winter and early spring can
" I lead to fish being 1 to 2 km further downstream by the

<. end of the high flow period
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